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An apparatus includes a Waveguide having a core layer and an 
end adjacent to an air bearing surface, ?rst and second poles 
magnetically coupled to each other and positioned on oppo 
site sides of the Waveguide, Wherein the ?rst pole includes a 
?rst portion spaced from the Waveguide and a second portion 
extending from the ?rst portion toWard the air bearing sur 
face, With the second portion being structured such that an 
end of the second portion is closer to the core layer of the 
Waveguide than the ?rst portion, and a heat sink positioned 
adjacent to the second portion of the ?rst pole. 
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RECORDING HEAD FOR HEAT ASSISTED 
MAGNETIC RECORDING 

BACKGROUND 

[0001] This invention relates to magnetic recording heads, 
and more particularly to such recording heads for use in heat 
assisted magnetic recording devices. 
[0002] In thermally assisted magnetic recording, informa 
tion bits are recorded on a data storage medium at elevated 
temperatures, and the data bit dimension can be determined 
by the dimensions of the heated area in the storage medium or 
the dimensions of an area of the storage medium that is 
subjected to a magnetic ?eld. In one approach, a beam of light 
is condensed to a small optical spot onto the storage medium 
to heat a portion of the medium and reduce the magnetic 
coercivity of the heated portion. Data is then Written to the 
reduced coercivity region. 
[0003] One example of a recording head for use in heat 
assisted magnetic recording generally includes a Write pole 
and a return pole magnetically coupled to each other through 
a yoke or pedestal, and a Waveguide for focusing light onto the 
storage medium. The Waveguide is positioned betWeen the 
Write pole and the return pole. Light is coupled into the 
Waveguide above the yoke and is transmitted through the 
Waveguide on opposite sides of the yoke. 

SUMMARY 

[0004] In a ?rst aspect, the invention provides an apparatus 
including a Waveguide having a core layer and an end adja 
cent to an air bearing surface, ?rst and second poles magneti 
cally coupled to each other and positioned on opposite sides 
of the Waveguide, Wherein the ?rst pole includes a ?rst por 
tion spaced from the Waveguide and a second portion extend 
ing from the ?rst portion toWard the air bearing surface, With 
the second portion being structured such that an end of the 
second portion is closer to the core layer of the Waveguide 
than the ?rst portion, and a heat sink positioned adjacent to 
the second portion of the ?rst pole. 
[0005] In another aspect, the invention provides an appara 
tus including a Waveguide having a core layer and an end 
adjacent to an air bearing surface, ?rst and second poles 
magnetically coupled to each other and positioned on oppo 
site sides of the Waveguide, Wherein the ?rst pole includes a 
?rst portion spaced from the Waveguide and a second portion 
extending from the ?rst portion toWard the air bearing sur 
face, With the second portion being structured such that an 
end of the second portion is closer to the core layer of the 
Waveguide than the ?rst portion, a near-?eld transducer posi 
tioned adjacent to a focal point of the Waveguide, and a heat 
sink positioned betWeen the near-?eld transducer and the 
second portion of the ?rst pole. 
[0006] In another aspect, the invention provides an appara 
tus including a Waveguide having a core layer and an end 
adjacent to an air bearing surface, ?rst and second poles 
magnetically coupled to each other and positioned on oppo 
site sides of the Waveguide, Wherein the ?rst pole includes a 
?rst portion spaced from the Waveguide and a second portion 
extending from the ?rst portion toWard the air bearing sur 
face, With the second portion being structured such that an 
end of the second portion is closer to the core layer of the 
Waveguide than the ?rst portion, and Wherein the second 
portion of the ?rst pole includes a ?rst section that is posi 
tioned substantially parallel to the core layer. 
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[0007] In another aspect the invention provides an appara 
tus including a Waveguide having a core layer and an end 
adjacent to an air bearing surface, a main pole positioned 
adjacent to a ?rst side of the Waveguide, and ?rst and second 
return poles positioned on opposites sides of the main pole 
and magnetically coupled to the main pole, Wherein the main 
pole and the ?rst and second return poles are positioned 
adjacent to the ?rst side of the Waveguide, Wherein the main 
pole and each of the ?rst and second return poles includes a 
?rst portion spaced from the Waveguide and a second portion 
extending from the ?rst portion toWard the air bearing sur 
face, With the second portion being structured such that an 
end of the second portion is closer to the core layer of the 
Waveguide than the ?rst portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a pictorial representation of a data storage 
device in the form of a disc drive that can include a recording 
head constructed in accordance With an aspect of this inven 
tion. 
[0009] FIG. 2 is a side elevation vieW of a recording head 
constructed in accordance With an aspect of the invention. 
[0010] FIG. 3 is a cross-sectional vieW of another recording 
head of FIG. 2, taken along line 3-3. 
[0011] FIG. 4 is a plan vieW ofthe air bearing surface ofthe 
recording head of FIG. 2. 
[0012] FIG. 5 is a schematic representation of a Waveguide 
that can be used in another recording head constructed in 
accordance With an aspect of the invention. 
[0013] FIG. 6 is a cross-sectional vieW of a portion of a 
recording head constructed in accordance With another aspect 
of the invention. 
[0014] FIG. 7 is a plan vieW ofthe air bearing surface ofthe 
recording head of FIG. 6. 
[0015] FIG. 8 is a cross-sectional vieW of a portion of a 
recording head constructed in accordance With another aspect 
of the invention. 
[0016] FIG. 9 is a cross-sectional vieW of a portion of 
another recording head constructed in accordance With an 
aspect of the invention. 
[0017] FIG. 10 is a cross-sectional vieW of another record 
ing head constructed in accordance With an aspect of the 
invention. 
[0018] FIG. 11 is a cross-sectional vieW of another record 
ing head constructed in accordance With an aspect of the 
invention. 
[0019] FIG. 12 is a side vieW of a near-?eld transducer. 
[0020] FIG. 13 is an enlarged cross-sectional vieW of a 
portion of another recording head constructed in accordance 
With an aspect of the invention. 
[0021] FIG. 14 is an end elevation vieW of a recording head 
constructed in accordance With another aspect of the inven 
tion. 
[0022] FIG. 15 is a cross-sectional vieW ofa portion ofthe 
recording head of FIG. 14, taken along line 15-15. 
[0023] FIG. 16 is a cross-sectional vieW ofa portion ofthe 
recording head of FIG. 14, taken along line 16-16. 
[0024] FIG. 17 is a cross-sectional vieW of a portion of 
another recording head. 
[0025] FIG. 18 is a cross-sectional vieW of a portion of 
another recording head. 
[0026] FIG. 19 is an end elevation vieW of another record 
ing head constructed in accordance With another aspect of the 
invention. 
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[0027] FIG. 20 is an end elevation vieW of another record 
ing head constructed in accordance With another aspect of the 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0028] This invention encompasses various devices used 
for heat assisted magnetic recording. FIG. 1 is a pictorial 
representation of a data storage device in the form of a disc 
drive 10 that can utilize recording heads constructed in accor 
dance With various aspects of the invention. The disc drive 10 
includes a housing 12 (With the upper portion removed and 
the loWer portion visible in this vieW) siZed and con?gured to 
contain the various components of the disc drive. The disc 
drive 10 includes a spindle motor 14 for rotating at least one 
magnetic storage media 16 Within the housing. At least one 
arm 18 is contained Within the housing 12, With each arm 18 
having a ?rst end 20 With a recording head or slider 22, and a 
second end 24 pivotally mounted on a shaft by a bearing 26. 
An actuator motor 28 is located at the arrn’s second end 24 for 
pivoting the arm 18 to position the recording head 22 over a 
desired sector or track 27 of the disc 16. The actuator motor 28 
is regulated by a controller, Which is not shoWn in this vieW 
and is Well-knoWn in the art. 
[0029] For heat assisted magnetic recording (HAMR), 
electromagnetic radiation, for example, visible, infrared or 
ultraviolet light is directed onto a surface of the data storage 
media to raise the temperature of a localiZed area of the media 
to facilitate sWitching of the magnetiZation of the area. Recent 
designs of HAMR recording heads include a thin ?lm 
Waveguide on a slider to guide light to the storage media for 
localiZed heating of the storage media. To launch light into the 
Waveguide, a grating coupler can be used. 
[0030] While FIG. 1 shoWs a disc drive, the invention can 
be applied to other storage devices that include a transducer 
and a storage media, Wherein the storage media is heated to 
facilitate sWitching of bits in the storage media. 
[0031] FIG. 2 is a side elevation vieW of a recording head 
constructed in accordance With an aspect of the invention, and 
positioned near a storage media. FIG. 3 is an enlarged cross 
sectional vieW of a portion of the recording head of FIG. 2, 
taken along line 3-3. FIG. 4 is an enlarged plan vieW of a 
portion of the air bearing surface of the recording head of FIG. 
2 in the vicinity of the Write pole tip. 
[0032] In FIGS. 2, 3 and 4, the recording head 30 includes 
a substrate 32, a base coat 34 on the substrate, a bottom pole 
36 on the base coat, and a top pole 38 that is magnetically 
coupled to the bottom pole through a yoke or pedestal 40. A 
Waveguide 42 is positioned betWeen the top and bottom poles. 
The Waveguide includes a core layer 44 and cladding layers 
46 and 48 on opposite sides of the core layer. A mirror 50 is 
positioned adjacent to one of the cladding layers. The top pole 
is a tWo-piece pole that includes a ?rst portion, or pole body 
52, having a ?rst end 54 that is spaced from the air bearing 
surface 56, and a second portion, or sloped pole piece 58, 
extending from the ?rst portion and tilted in a direction 
toWard the bottom pole. The second portion is structured to 
include an end adjacent to the air bearing surface 56 of the 
recording head, With the end being closer to the Waveguide 
than the ?rst portion of the top pole. A planar coil 60 also 
extends betWeen the top and bottom poles and around the 
pedestal. While this example includes a planar coil, other 
types of coils, such as a helical coil, could be used. A helical 
coil Would Wrap around the bottom/return pole. In alternative 
embodiments, the planar coil could be positioned betWeen the 
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Waveguide and the top pole. In this example, the top pole 
serves as a Write pole and the bottom pole serves as a return 

pole. 
[0033] An insulating material 62 separates the coil turns. In 
one example, the substrate can be AlTiC, the core layer can be 
Ta2O5, and the cladding layers (and other insulating layers) 
can be Al2O3. A top layer of insulating material 63 can be 
formed on the top pole. 

[0034] In this example, the top pole 38 is comprised of a 
?rst pole piece 52 and a second pole piece 58. HoWever, the 
top pole could be fabricated as a single pole piece or as a 
plurality of layers. A heat sink 64 is positioned adjacent to the 
sloped pole piece 58. The heat sink can be comprised of a 
non-magnetic material, such as for example Au. 
[0035] As illustrated in FIG. 2, the recording head 30 
includes a structure for heating the magnetic storage media 16 
proximate to Where the Write pole 58 applies the magnetic 
Write ?eld H to the storage media 16. The media 16 includes 
a substrate 68, a heat sink layer 70, a magnetic recording layer 
72, and a protective layer 74. A magnetic ?eld H produced by 
current in the coil 60 is used to control the direction of mag 
netiZation of bits 76 in the recording layer of the media. 
[0036] The storage media 16 is positioned adjacent to or 
under the recording head 30. The Waveguide 42 conducts 
light from a source 78 of electromagnetic radiation, Which 
may be, for example, ultraviolet, infrared, or visible light. The 
source may be, for example, a laser diode, or other suitable 
laser light source for directing a light beam 80 toWard the 
Waveguide 42. Various techniques that are knoWn for cou 
pling the light beam 80 into the Waveguide 42 may be used. 
For example, the light source 78 may Work in combination 
With an optical ?ber and external optics for collimating the 
light beam 80 from the optical ?ber toWard a diffraction 
grating on the Waveguide. Alternatively, a laser may be 
mounted on the Waveguide 42 and the light beam 86 may be 
directly coupled into the Waveguide 42 Without the need for 
external optical con?gurations. Once the light beam 80 is 
coupled into the Waveguide 42, the light propagates through 
the Waveguide 42 toWard a truncated end of the Waveguide 42 
that is formed adjacent the air bearing surface (ABS) of the 
recording head 30. Light exits the end of the Waveguide and 
heats a portion of the media, as the media moves relative to the 
recording head as shoWn by arroW 82. 

[0037] The heat sink could be shaped, for example, to 
remove the heat sink material from the ABS everyWhere but 
in close proximity to the pole Where it also acts as an aperture, 
to remove the material from over the gratings, or to remove it 
from any other part of the head Where it may not be desirable. 
The heat sink could be patterned using a standard dry or Wet 
etch or by using a lift-off technique. 

[0038] The heat sink can also be shaped differently from 
that shoWn in FIGS. 2, 3 and 4. For example, the heat sink 
need not have a rectangular shape, and it may extend further 
aWay from the air bearing surface than shoWn in the example 
of FIGS. 2, 3 and 4. In other examples, the heat sink can 
partially or fully surround a portion of the Write pole, and it 
may also extend along a surface of the Write pole. 

[0039] The heat sink e?iciency can be increased by insert 
ing a high thermal conductivity layer adjacent to the pole to 
help conduct the heat aWay from the heat sink. This heat sink 
extension can be adjacent to the pole and it can extend off to 
the sides of the pole or even Wrap around the pole. The 
extension could extend all the Way to the ABS. 
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[0040] The heat sink could be a single ?lm or it could be a 
multilayer or alloy to optimize the heatsinking and aperturing 
properties and possibly other properties such as corrosion and 
smearing during lapping. In an example recording head, a 
near-?eld transducer (N PT) 84 is positioned in or adjacent to 
the Waveguide near the air bearing surface. The heat sink 
material may be chosen such that it does not interfere With the 
resonance of the NFT. For example, Au may function as an 
aperture, but it may interfere With the NFT by forming its oWn 
surface plasmons (SPs). A layer of material could be depos 
ited before the Au, for example Cr, or the Au could be alloyed 
to prevent it from forming surface plasmons. 
[0041] Although the example of FIGS. 2, 3 and 4 shoWs a 
perpendicular magnetic recording head and a perpendicular 
magnetic storage media, it Will be appreciated that the inven 
tion may also be used in conjunction With other types of 
recording heads and/or storage media Where it may be desir 
able to employ heat assisted recording. 
[0042] FIG. 5 is a schematic representation of the back of a 
slider shoWing a Waveguide that could be used in place of the 
Waveguide 42 in FIG. 2. FIG. 5 shoWs a laser light spot 90 that 
is directed onto a solid immersion mirror (SIM) 92, With 
gratings 94, 96 for coupling the light into the SIM, and a Write 
pole 98. The Waveguide core 100 is positioned in a layer 102 
of a material having an index of refraction that is larger than 
the index of refraction of the core material, such that light 
represented by arroWs 104 and 106 is re?ected toWard a focal 
point 108. The edges 110, 112 of the core layer can have a 
parabolic shape. A spot of light, represented by circle 90, 
impinges on gratings 94 and 96 to couple the light into the 
Waveguide. 
[0043] FIG. 6 is an enlarged cross-sectional vieW of a por 
tion of another recording head constructed in accordance With 
another aspect of the invention. In the example of FIG. 6, a 
Write pole 120 includes a sloped portion 122 that extends 
toWard an air bearing surface 124 and has an end 126 posi 
tioned adjacent to the air bearing surface. A Waveguide 128 
includes a core layer 130 and cladding layers 132 and 134. 
The Write pole is con?gured such that the end of the Write pole 
is separated from the core layer by a distance 136, referred to 
as the core-to-pole spacing. A heat sink 138 is positioned 
adjacent to the Write pole. FIG. 7 is a plan vieW of a portion of 
an air bearing surface of a recording head that includes the 
structure of FIG. 6 and further shoWs a substrate 140, a 
basecoat 142, a return pole 144, a top coat 146, and sides 148, 
150 of the Waveguide. 
[0044] In another aspect, the invention provides a recording 
head that includes a Write pole having a throat that is sepa 
rated from a Waveguide core by the core-to-pole spacing. FIG. 
8 is a cross-sectional vieW of a portion of an intermediate 
structure used in the fabrication of another recording head 
constructed in accordance With this aspect of the invention. 
This intermediate structure Will be lapped to the dotted line at 
the location of an air bearing surface of the recording head. In 
the example of FIG. 8, a Write pole 160 includes a sloped 
portion 162 that extends toWard an airbearing surface 164 and 
a throat portion 166 that has a side 168 Which is spaced from 
a Waveguide core layer 170 and positioned on a plane sub 
stantially parallel to the core layer. The throat portion has an 
end 172 positioned adjacent to the air bearing surface. A 
Waveguide 174 includes the core layer 170 and cladding 
layers 176 and 178. 
[0045] Modeling has shoWn that 2.6% of the light is 
absorbed by a 30° sloped pole. In addition, if a NFT is incor 

Aug. 26, 2010 

porated into the design, modeling predicts that a ~20% reduc 
tion is seen With the sloped pole. When aligning the magnetic 
?eld gradient from the pole and the thermal gradient created 
by the Waveguide, it is desirable to control the spacing at the 
ABS betWeen the Waveguide core and the sloped pole. In one 
example, a spacing of about 15 nm is of interest since this 
spacing is needed to get the magnetic and thermal gradients to 
add. 
[0046] One approach for fabricating the head of FIG. 8 uses 
an etch stop to control the spacing. In one example, the layer 
of the Waveguide core could be made of a material that does 
not etch at an appreciable rate With the etch technique that is 
used to form the slope in the top cladding. Some alternative 
core materials may be LiNbO3, LiTaO3, ZrO2, HfO, TiO2 or 
diamond like carbon. After the sloped Wall etch, a thin layer of 
cladding Would be deposited on the core layer to set the 
core-to-pole spacing. 
[0047] In another example, the core could be made of tWo 
materials 190, 192 Where the top layer acts as an etch stop, 
such as Ta2O5\LiNbO3, as shoWn in FIG. 9. If both materials 
have a large index of refraction (n), the light Will be spread 
across the tWo materials. This could be used to combine the 
best properties of the tWo materials, such as an etch stop 
capability and a higher refractive index n, or an etch stop and 
better propagation losses. After the sloped Wall etch, a thin 
layer of cladding 194 Would be deposited on the core to set the 
core-to-pole spacing. 
[0048] In another example, a thin layer of a different clad 
ding material 200 could be deposited on top of the core layer 
202, Where this cladding material acts as an etch stop, as 
shoWn in FIG. 10. This approach Would be used if the etch 
stop material has a n less than the core layer so that it couldnot 
be used as a Waveguide core material. After the sloped Wall 
etch, a thin layer of cladding 204 Would be deposited on the 
core to set the core-to-pole spacing. 
[0049] In another example, the top cladding could be made 
of a different material and the etch technique could be 
changed. For example, the top cladding could be made of a 
material that etches in an oxygen etch, such as an organic 
polymer, spin-on-glass, or diamond like carbon. After the 
sloped Wall etch, a thin layer of cladding Would be deposited 
to set the core-to-pole spacing. 
[0050] The examples of FIGS. 9 and 10 use optically trans 
parent etch stops, so they could be deposited over the entire 
Waveguide, or they could be deposited only Where the etch 
stop is needed (i.e., near the future ABS location). 
[0051] In other examples, a non-transparent etch stop can 
be used. FIG. 11 shoWs an example, Wherein a magnetic etch 
stop 210 is placed only near the ABS location, and the core 
to-pole spacing Would be set by the deposition of a spacer 212 
before depositing the magnetic etch stop. The magnetic etch 
stop could be deposited, and then etched, lifted off or plated. 
The etch stop Will become part of the pole. In addition, the 
etch stop could extend beyond the intended breakpoint of the 
pole by an amount needed to compensate for the different 
tolerances. 
[0052] The non-transparent etch stop may alternatively be 
non-magnetic and removed before the pole is deposited. In 
this case, the etch stop Would be etched aWay before the pole 
is formed. This could be done by changing the etch technique. 
For example, a Wet etch could be used, Which could be very 
selective to the etch stop over the Waveguide. There may be a 
very small void formed Where the etch stop extends behind 
the pole breakpoint, or there may be some etch stop remaining 
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here. This Will depend on the processes that are used for 
etching away the etch stop and if it is back?lled With top 
cladding before the pole is deposited. 
[0053] The non-transparent material could be a metal, 
dielectric, resist, or other organic or polymer materials. The 
metals can be selectively etched aWay. The same is true for the 
organic materials Where a solvent can be used. 
[0054] In another aspect, the invention relates to HAMR 
heads that include a near-?eld transducer to further concen 
trate the light in the vicinity of the focal point of the 
Waveguide. One possible near-?eld transducer (NFT) for the 
HAMR head is the lollipop design shoWn in FIG. 12. The 
near-?eld transducer 230 includes a disk portion 232 and a 
peg 234 extending betWeen the disk and an airbearing surface 
236. This NFT can be placed near the focal point of a solid 
immersion mirror (SIM) and in close proximity to the mag 
netic Write pole as shoWn in FIG. 13. 
[0055] The NFT is relatively thermally isolated and it 
absorbs a signi?cant portion of the laser poWer While it is in 
resonance. The temperature of the NFT Will increase as 
energy from the light is absorbed by the NFT. This could 
result in melting of the NFT, or thermal expansion could 
cause the NFT to protrude from the head, or layer of the head 
could delaminate. Thus, it is desirable to have a means to keep 
the NFT cooler. 
[0056] One solution for keeping the NFT cool is to heat sink 
the NFT transducer to the Write pole. This solution connects 
the NFT to the pole via a heat sink. FIG. 13 shoWs a recording 
head, Wherein a heat sink 238 extends betWeen the Write pole 
240 and the NFT. An additional optional heat sink 242 can be 
provided adjacent to the Write pole. The heat sink material 
should be a good thermal conductor, such as for example, Au, 
Cu, Al or Ag. 
[0057] FIG. 13 is an enlarged cross-sectional vieW of a 
portion of a recording head similar to that of FIGS. 2, 3 and 4, 
but With a near-?eld transducer 230 positioned near the focal 
point of the Waveguide. In this example, the near-?eld trans 
ducer is positioned in the cladding layer 48.A heat sink 238 is 
positioned adjacent to the near-?eld transducer. In this 
example, an end 244 of the heat sink makes contact With the 
disc of the NFT. Dotted circle 246 in FIG. 12 shoWs the area 
of contact betWeen the heat sink and the disk of the NFT. In 
one example, the heat sink makes contact With the disk in a 
region that is spaced from an edge of the disk by at least 50 
mn. 

[0058] In one example of a lollipop NFT, the disk has a 
diameter of 300 nm and the peg has a length of 12.5 nm. If it 
is assumed that the heat sink cannot come Within 50 nm of the 
edge of the disc and the mean +30 for the alignment and 
diameter dimension is 25 nm each, a 100 nm diameter heat 
sink should be possible. 
[0059] Heat sinking could also be achieved by inserting a 
good thermal conductor that is also a dielectric betWeen the 
NFT and the pole, such as diamond like carbon (DLC) orAlN. 
This may alloW for the heat sink to be the same shape as the 
NFT and still alloW for the NFT to resonate. DLC can have a 
very high thermal conductivity, so it Would make a good heat 
sink. 
[0060] In another aspect, this invention provides a record 
ing head for use in heat assisted magnetic recording in Which 
the Write pole and return pole(s) are arranged such that the 
poles do not adversely impact light transmitted through a 
Waveguide in the head. The magnetic portions of the head can 
be fabricated separately and after the optical portions are 
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fabricated. The magnetic portions need not intersect the 
Waveguide and thus do not block the light in the Waveguide. In 
addition, the head can be fabricated using simpler processing, 
such as limiting the number of magnetic pole layers. FIG. 14 
is a side elevation vieW of a recording head 260 constructed in 
accordance With this aspect of the invention. FIG. 15 is a 
cross-sectional vieW of the head of FIG. 14, taken along line 
15-15. FIG. 16 is a cross-sectional vieW of the head of FIG. 
14, taken along line 16-16. 
[0061] Recording head 260 includes a ?rst pole, in the form 
of a Write pole 262 and second and third poles in the form of 
return poles 264 and 266. Return poles 264 and 266 are 
magnetically coupled to the Write pole through yokes 268 and 
270, respectively. The poles and yokes are positioned oppo 
site a ?rst side of an optical condenser 272 that includes a 
Waveguide. The Waveguide includes a core layer 274 and 
cladding layers 276 and 278 on opposite sides of the core 
layer. 
[0062] A spiral coil 280 is positioned around the Write pole. 
Current ?oWing in the coil causes a magnetic ?eld in the Write 
pole that can be used to Write data to an adjacent storage 
medium (not shoWn). The Write pole 262 includes a ?rst layer 
282 that is spaced from the Waveguide core layer by a distance 
D1, and a second layer 284 that extends from an end 286 of 
the ?rst layer in a direction toWard an air bearing surface 288, 
and is con?gured such that an end 290 of the second layer is 
closer to the Waveguide than the ?rst layer of the Write pole. 
Layer 284 can be a different shape than layer 282 and, 
depending on the desired ?eld pro?le, it may not extend all the 
Way to the ends of the return poles. As shoWn in FIG. 16, the 
return poles 264 and 266 can include tWo layers 292, 294 and 
296, 298. Layer 282 is optional and its thickness and material 
properties could be optimiZed. Layer 284 could be a solid 
material or it could have the graded MS, Where the MS 
decreases from the bottom to the top of the pole. 
[0063] Depending on the acceptable complexity of the pro 
cessing and the need for performance, many variations of the 
return pole shape, thickness and material properties could be 
used. For example, thin extensions 294' and 298' could be 
formed on the return poles 292' and 296' as illustrated in FIG. 
17, or stepped thin extensions 294" and 298" could be formed 
on the return poles 292' and 296' as illustrated in FIG. 18. 
FIGS. 17 and 18 are cross-sectional vieWs of other heads 
taken near the air bearing surface at a location similar to that 
of FIG. 16. The returnpole extensions can be formed by either 
adding another plating step or by masking the seedlayer dur 
ing the seed etch. 
[0064] FIG. 19 is a cross-sectional vieW of a variation of the 
head of FIG. 14, With shorter pole Widths. FIG. 19 shoWs a 
recording head 300 having return poles 302, 304, Which may 
be shaped near the main pole 306 to shape the ?eld pro?le. 
The return poles include tapered ends 308 and 310. The end 
region 312 of the pole Would be sloped toWard the core layer 
of an optical transducer, in a manner similar to that shoWn in 
FIG. 15. 

[0065] FIG. 20 shoWs a similar design With the main pole 
recessed. The recording head 320 of FIG. 19 includes return 
poles 322, 324 that are shaped near the mainpole 326 to shape 
the ?eld pro?le. The return poles include tapered ends 328 
and 330. The main pole is recessed from the air bearing 
surface 332. The recessed main pole alloWs for a more uni 
form ?eld in the media Where the thermal spot is located. 
Recessing the pole Will improve the optical ef?ciency and 
Will relax some of the processing constraints, such as the 
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placement of the sloped Wall With respect to the near-?eld 
transducer or reader. The end region 334 of the pole Would be 
sloped toWard the core layer of an optical transducer, in a 
manner similar to that shoWn in FIG. 15. 
[0066] In FIGS. 19 and 20, the coil 336 is a helical coil. The 
coil could Wrap around the center leg, but there could also be 
coil turns around the top or side legs, Without adding process 
mg. 
[0067] The heads of FIGS. 14-20 illustrate examples of a 
single layer HAMR Writer With horizontal return poles. This 
design has no ?ux return path cutting doWn through the 
Waveguide, Which makes processing easier and could also 
make the head more optically ef?cient. 
[0068] The Waveguide materials can all be deposited before 
the Writer is built. Thus, if the reader Were to be built after the 
Writer, high temperature processes could be used for the 
Waveguide materials, if desired. 
[0069] While the invention has been described in terms of 
several examples, it Will be apparent to those skilled in the art 
that various changes can be made to the disclosed examples, 
Without departing from the scope of the invention as set forth 
in the folloWing claims. The implementations described 
above and other implementations are Within the scope of the 
folloWing claims. 
What is claimed is: 
1. An apparatus comprising: 
a Waveguide having a core layer and an end adjacent to an 

air bearing surface; 
?rst and second poles magnetically coupled to each other 

and positioned on opposite sides of the Waveguide, 
Wherein the ?rst pole includes a ?rst portion spaced from 
the Waveguide and a second portion extending from the 
?rst portion toWard the air bearing surface, With the 
second portion being structured such that an end of the 
second portion is closer to the core layer of the 
Waveguide than the ?rst portion; and 

a heat sink positioned adjacent to the second portion of the 
?rst pole. 

2. The apparatus of claim 1, Wherein the second portion of 
the ?rst pole is positioned in a slot in the heat sink. 

3. The apparatus of claim 1, Wherein the heat sink com 
prises a multilayer structure. 

4. The apparatus of claim 1, Wherein the heat sink com 
prises anAu alloy. 

5. An apparatus comprising: 
a Waveguide having a core layer and an end adjacent to an 

air bearing surface; 
?rst and second poles magnetically coupled to each other 

and positioned on opposite sides of the Waveguide, 
Wherein the ?rst pole includes a ?rst portion spaced from 
the Waveguide and a second portion extending from the 
?rst portion toWard the air bearing surface, With the 
second portion being structured such that an end of the 
second portion is closer to the core layer of the 
Waveguide than the ?rst portion; 

a near-?eld transducer positioned adjacent to a focal point 
of the Waveguide; and 

a heat sink positioned betWeen the near-?eld transducer 
and the second portion of the ?rst pole. 

6. The apparatus of claim 5, Wherein the near-?eld trans 
ducer comprises a disk and a peg positioned betWeen the disk 
and the air bearing surface, and the heat sink makes contact 
With the disk. 
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7. The apparatus of claim 6, Wherein a region of contact 
betWeen the heat sink and the disk is spaced from an edge of 
the disk. 

8. The apparatus of claim 5, Wherein the heat sink com 
prises a metal. 

9. The apparatus of claim 5, Wherein the heat sink com 
prises a thermally conductive dielectric material. 

10. An apparatus comprising: 
a Waveguide having a core layer and an end adjacent to an 

air bearing surface; 
?rst and second poles magnetically coupled to each other 

and positioned on opposite sides of the Waveguide, 
Wherein the ?rst pole includes a ?rst portion spaced from 
the Waveguide and a second portion extending from the 
?rst portion toWard the air bearing surface, With the 
second portion being structured such that an end of the 
second portion is closer to the core layer of the 
Waveguide than the ?rst portion; and 

Wherein the second portion of the ?rst pole includes a ?rst 
section that is positioned substantially parallel to the 
core layer. 

11. The apparatus of claim 10, further comprising: 
an etch stop layer betWeen the core layer and the ?rst 

section of the second portion of the ?rst pole. 
12. The apparatus of claim 11, Wherein the etch stop layer 

is transparent. 
13. The apparatus of claim 11, Wherein the etch stop layer 

is immediately adjacent to the ?rst section of the second 
portion of the ?rst pole. 

14. The apparatus of claim 11, Wherein the etch stop layer 
comprises a magnetic material and forms part of the second 
portion of the ?rst pole. 

15. An apparatus comprising: 
a Waveguide having a core layer and an end adjacent to an 

air bearing surface; 
a main pole positioned adjacent to a ?rst side of the 

Waveguide; and 
?rst and second return poles positioned on opposites sides 

of the main pole and magnetically coupled to the main 
pole, Wherein the main pole and the ?rst and second 
return poles are positioned adjacent to the ?rst side of the 
Waveguide; 

Wherein the main pole and each of the ?rst and second 
return poles includes a ?rst portion spaced from the 
Waveguide and a second portion extending from the ?rst 
portion toWard the air bearing surface, With the second 
portion being structured such that an end of the second 
portion is closer to the core layer of the Waveguide than 
the ?rst portion. 

16. The apparatus of claim 15, Wherein each of the ?rst and 
second return poles includes an extension that extends toWard 
the main pole adjacent to the air bearing surface. 

17. The apparatus of claim 16, Wherein each of the exten 
sions has a stepped cross-sectional area. 

18. The apparatus of claim 15, Wherein each of the ?rst and 
second return poles includes a tapered end adjacent to the air 
bearing surface. 

19. The apparatus of claim 15, Wherein an end of the main 
pole is recessed from the air bearing surface. 

20. The apparatus of claim 15, further comprising: 
a coil around the main pole. 

* * * * * 


